The authors describe the case of a large WHO Grade III anaplastic oligoastrocytoma extending through the anterior skull base and into the right nasal cavity and sinuses. Glial neoplasms are typically confined to the intracranial compartment within the brain parenchyma and rarely extend into the nasal cavity without prior surgical or radiation therapy. This 42-year-old woman presented with progressive headaches and sinus congestion. MR imaging findings revealed a large intracranial lesion with intranasal extension. Endoscopic nasal biopsy revealed pathology consistent with an infiltrating glioma. The patient subsequently underwent a combined transcranial/endonasal endoscopic approach for resection of this lesion. Pathological diagnosis revealed a WHO Grade III oligoastrocytoma. This report reviews the mechanisms of extradural glioma extension. To the authors' knowledge, it is the second report of a high-grade glioma exhibiting nasal extension without prior surgical or radiation treatment.
H igH-grade glial neoplasms can rapidly grow within the confinement of the dura but rarely spread beyond these confines. Surgical manipulation or radiation has been suggested as the inciting event that weakens the protective dura and allows extradural extension of tumors. 12 A particularly unusual occurrence is nasal extension of a high-grade glioma through the dura and skull base without prior neurosurgical intervention. 2 To our knowledge, we report the second case of a high-grade glioma extending extracranially into the nasal cavity and sinus without any prior intervention.
Case Report

History and Examination
This 42-year-old woman with a 7-year history of chronic sinusitis presented with progressively worsening headaches associated with nausea but no vomiting, right-sided retroorbital and facial pressure, and nasal congestion and rhinorrhea. She reported a history of pain radiating down the right side of her face to her neck. She denied visual symptoms. Endoscopic examination revealed a mass with near-total obstruction of the right nasal passage at the level of the ostiomeatal complex. MR imaging demonstrated a large intraaxial mass in the right frontal lobe that was hyperintense on T2-weighted images and hypointense on T1-weighted images. It measured 7.5 × 7.1 × 6.8 cm with areas of streak-like enhancement without restricted diffusion. The mass demonstrated extension through the anterior skull base into the right ethmoid and maxillary sinuses and nasal cavity (Fig. 1A-C) .
Results of the neurological examination were nonfocal and unremarkable. The differential diagnosis based on imaging findings suggested either a brain mass extending caudally or a sinonasal mass extending cranially, with equal probability. An endoscopic endonasal biopsy was performed by the otolaryngology service. Histopathological examination revealed a glial neoplasm subjacent to fibrotic and inflamed squamous mucosa with tumor cells positive for glial fibrillary acidic protein (GFAP) and vi-mentin, consistent with an infiltrating glioma of unclear subtype and grade involving sinonasal tissue.
Operation and Postoperative Course
The patient underwent a simultaneous bifrontal craniotomy and endoscopic endonasal tumor resection. The endonasal approach was used to debulk the sinonasal portion of the tumor to the level of the skull base defect in the frontoethmoid region. A vascularized pedicle flap pedicled to the terminal branches of the sphenopalatine artery was harvested from the right nasal septum to aid in secondary skull base closure.
A bifrontal craniotomy was then performed, and the tumor was resected to the anterior cranial fossa floor where a chronic-appearing defect through the skull base was visualized. The bony defect was located within the fovea ethmoidalis and had smooth edges with dimensions of approximately 10 × 7 mm. A clear plane was identified between the rubbery tumor mass and the grossly normal adjacent neural tissue. After the tumor was removed, the anterior skull base defect was repaired using a multilayered closure, with a pericranial inlay graft sutured through the defect to the nasoseptal flap to create a button-graft type closure, which was reinforced with fibrin glue. The patient tolerated the procedure well. Postoperative MR imaging confirmed adequate tumor resection and skull base reconstruction ( Fig. 1D-F) . The patient was discharged home without incident.
Pathological Examination
Comparison of the tumor tissue from the nasal and intracranial locations revealed similar histopathological and immunohistochemical findings ( immunostaining for mutant IDH1 (R132H) was strongly and diffusely positive. There was no evidence of deletion of either 1p or 19q on fluorescence in situ hybridization analysis. ATRX immunohistochemistry was attempted to further classify the tumor into a more specific oligoastrocytoma versus astrocytoma differentiation; however, it was noncontributory to the diagnosis. 13 MGMT methylation assay in both the nasal and intracranial portions of the tumor was pending at the time of the study. Thus, given the histopathological and immunohistochemical findings, the tumor was classified by the current WHO criteria as an anaplastic oligoastrocytoma, WHO Grade III.
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Adjuvant Therapy and Follow-Up
Follow-up endoscopy revealed a well-healed skull base reconstruction (Fig. 3) . Surgery was followed by adjuvant chemotherapy with Temodar and radiation to a total of 60 Gy with conventional radiotherapy. The patient received 1 year of adjuvant Temodar on the standard 5 days on and 23 days off. MR imaging performed 16 months postoperatively showed no evidence of tumor recurrence and the patient remained neurologically intact.
Discussion
Extradural extension of primary brain tumors has been rarely reported in the literature. Prior cases of extradural extension have typically been seen in circumstances of previous neurosurgical intervention or radiation therapy.
5,10-12, 16 Several theories have been proposed regarding the mechanism of extracranial extension via potential dural exit points where cranial vascular and cranial nerves penetrate. Perivascular extension of tumor cells occurs mainly in the middle cranial fossa where meningeal vessels are located. 9 Perineural invasion has been suggested with a description of a glioma infiltrating the dura via the trigeminal nerve. 15 Sanerkin theorized that transdural extension resulted from increased intracranial pressure and herniation.
14 Kawano et al. described a malignant astrocytoma with extradural extension into the frontoparietal parasagittal region. In this case, the authors proposed a novel mechanism of extension via tumor growth into arachnoid granulations and subsequent extradural spread into the adjacent sagittal sinus.
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The only previously reported case of a high-grade glioma extending into the nasal cavity in the absence of prior neurosurgical intervention was presented by Aoyama et al. 2 In that case, a woman had obstructive nasal symptoms for 1 month prior to admission and changes in her cognition for nearly 1 year. The tumor was initially subtotally resected and required a subsequent operation to repair CSF rhinorrhea following radiation therapy. Our case differs from this previous case in regard to patient history, histological grade of tumor, and aggressiveness of initial surgical approach. Our patient suffered from nasal symptoms for a much longer time of 7 years and presented with a Grade III anaplastic oligoastrocytoma versus a more aggressive glioblastoma. Total resection of the tumor was performed with dissection down to the cranial floor without postoperative CSF rhinorrhea.
A possible mechanism for nasal extension of gliomas that has not previously been suggested includes the presence of a clinically silent congenital nasal encephalocele. Encephalocele is a herniation of neural and meningeal tissue through a congenital defect in the skull. One of the more uncommon presentations is an encephalocele penetrating into the nasal cavity.
1 Typically, nasal encephaloceles present within the 1st year of life with rhinorrhea and unilateral intranasal masses on physical examination. 3 However, there have been reports of adults in whom encephaloceles were never diagnosed in childhood who then presented later in life with symptoms of nasal stuffiness, frontal headaches, and rhinorrhea. 3, 8 In these cases, intranasal masses were discovered on physical examination that were originally diagnosed as nasal polyps. Imaging revealed bony defects within the skull base, and biopsies of the intranasal tissue revealed herniated neural and meningeal tissue.
The presentation of new sinus symptoms with intranasal CNS tissue in rare cases of adult encephalocele is similar to the presentation in our case. Our patient developed chronic sinusitis as an adult, and biopsy revealed tissue of neural origin. Also, the smooth-edged, singular and chronic appearing defect of the frontal skull base in our case suggests that the defect had been present for many years. As a possible mechanism of tumor spread in our patient, the tumor may have originated within the frontal lobe and over time insinuated itself into the neural component of the encephalocele. An alternate hypothesis is that the neural tissue within the encephalocele in the nasal cavity underwent neoplastic change and subsequently spread upward through the calvarial defect. However, considering that the bulk of the tumor was located within hemispheres, rather than the nasal cavity, this second hypothesis is less likely.
Similar to but distinct from nasal encephaloceles are what have been termed nasal gliomas. This terminology is not to be confused with the intranasal glioma in our case. "Nasal glioma" is a misnomer, as these tumors are generally nonneoplastic and are believed to result from erroneous embryonic development. They contain neural and/or meningeal tissues that have been isolated from the brain by cranial suture closure. 4 Our case does not fit with a nasal glioma given the presence of an open skull defect and direct communication with the intracranial space.
Conclusions
This case represents the second such report of a highgrade glioma with intranasal extension without prior surgical or radiation treatment. While there exist numerous hypotheses regarding the pathway for intranasal extension, no clear mechanism has been established. The current report demonstrates that when such tumors are identified they may be effectively treated by a combined transcranial and endoscopic endonasal approach, with care taken to clearly define and primarily repair the skull base defect. While the described surgical management is not particularly novel, this case adds to the relatively small body of literature describing extradural high-grade glioma extension and suggests a novel mechanism of intranasal spread.
